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1. Introduction
   Traditional medicine has been used for thousands of years 
throughout the world. Herbs were utilized to treat a plethora 
of acute and chronic disorders ranging from common acute 
cold to various chronic types of cancers for thousands of 
years as traditional medicine. In last few decades, there has 
been a remarkable increment in scientific research dealing 
with phytochemicals to combat oxidative stress. Antioxidants 
are also of immense interest to health professionals as they 
may help to protect the body against damage caused by 
reactive oxygen species[1]. While, restricted use of synthetic 
antioxidants in food as they are may often carcinogenic, the 
search for natural antioxidants has been greatly intensified 
in recent years.
   ‘Tulshi’ is renowned for its religious and spiritual 
sanctity, as well as, for its imperative role in the traditional 
Ayurvedic and Unani systems of holistic health and herbal 
medicine of the Eastern countries. Ocimum gratissimum 
Linn. (O. gratissimum), commonly known as “Ram Tulshi”, 
belongs to the family of ‘Labiaceae’, found in India. It is an 
important aromatic medicinal herb. The aqueous extract 
of the leaves of O. gratissimum is the traditional form of 
preparation. This medicinal plant has also a potential 
role as antiviral, antibacterial, antifungal, antimicrobial, 
antihelmintic, and in vitro anti-dermatophytic agent[2]. 
The aqueous leaf extract and seed oil showed anti-
proliferative and chemo-preventive activity on HeLa cells[3]. 
Phytochemical screening has confirmed the presence 
of alkaloids, phenolics, flavonoids, tannins, glycoside, 
saponin, resins, cardiac glycoside, and steroidal terpens 
in O. gratissimum[4-6]. In our previous reports, aqueous 
and methanol extract of O. gratissimum and eugenol can 
decrease the free radical generation, lipid-protein-DNA 
damage and enhance antioxidant protection in nicotine-
induced murine peritoneal macrophages[4,5,7]. Besides, we 
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have reported its immunomodulatory property in nicotine-
induced macrophages[8,9]. In this study, we evaluate the 
ethno botanical in respect to free radical scavenging and 
antioxidant potential of O. gratissimum. We show the potent 
free radical scavenging activity, and antioxidant power of 
aqueous extracts, methanol extracts and eugenol in in vitro 
models.
2. Materials and methods
2.1. Chemicals and reagents
   1,1-Diphenyl-2-picrylhydrazyl (DPPH), nitroblue 
tetrazolium chloride (NBT), 2-thiobarbituric acid (TBA), Folin-
Ciocalteu reagent, L-ascorbic acid, (+)-catechin, standard 
eugenol, standard gallic acid, quercetin, linoleic acid, nuclear 
magnetic resonance (NMR) grade deuterated chloroform 
(CDCl3) and NMR grade tetramethylsilane were purchased 
from Sigma Chemical Co. Silica gel GF254, high performance 
liquid chromatography (HPLC) grade acetonitrile, HPLC grade 
water, CHCl3 were obtained from Merck, India. Potassium 
ferricyanide [K3Fe(CN)6], trichloroacetic acid, ammonium 
thiocyanate, sodium nitroprusside, sulphanilamide, N-(1-
naphthyl) ethylenediamine dihydrochloride were procured 
from SRL, India. The other chemicals and solvents used in 
this experiment were of the highest quality available.
2.2. Plant material and preparation of aqueous and methanol 
extracts of O. gratissimum 
   O. gratissimum Linn. (Labiaceae) was collected in 
morning and preserved in moisture free area for the study. 
The fresh aerial part of O. gratissimum was dried, blended 
and extracted with sterile double distilled water (10:1). The 
mixture was filtered with Whatman filter paper (No. 1) and 
concentrated at 38 °C by a rotary evaporator, then allowed 
to stand at room temperature overnight. The filtration and 
concentration processes were repeated to yield an aqueous 
solution. This solution was then centrifuged at 4 200 r/min for 
10 min and supernatant was freeze dried to obtain the crude 
aqueous extract (Ae-Og). The Ae-Og was then extracted with 
ethyl acetate to yield the ethyl acetate fraction and followed 
by dissolved in methanol to obtain the methanol fraction. 
This fraction was concentrated at 38 °C by a rotary evaporator, 
and then allowed to stand at room temperature overnight. 
This concentrated solution was then centrifuged at 4 200 r/
min for 10 min and supernatant was freeze dried to obtain the 
crude methanol extract (Me-Og)[4,5].
2.3. Isolation of eugenol
   Eugenol was isolated as described previously by our 
group[7]. Fresh leaves of O. gratissimum were subjected 
to steam distillation in a Clevenger type apparatus for 4/5 
h. The distillate was then extracted with petroleum ether 
and yielded the pure oil which was dried by treating with 
anhydrous Na2SO4. Petroleum ether was removed carefully 
and the essential oil (EO) was obtained. The EO was analyzed 
by thin layer chromatography (TLC) on silica gel GF254 plates 
(20 cm伊20 cm, 1 mm thick), using the solvent system hexane-
acetyl acetate (95:5). TLC plates were run several times and 
the reference standard eugenol (Sigma Chemical Ltd.) was 
spotted on TLC plate. Spots and bands were visualized by UV 
irradiation (254 and 366 nm) and by spraying with vanillin/
sulfuric acid reagent. After this, the parallel band of EO 
matching with the standard eugenol was scrapped under ultra 
violet light (254 nm) and then eluted out from the TLC plate in 
methanol. Then the methanol was evaporated out by rotary 
evaporator and used in HPLC, to detect the eugenol, and its 
biological activity studies.
2.4. Detection of eugenol by HPLC
   Isolated eugenol was detected with standard eugenol 
(Sigma Chemical Ltd.) in Jasco PU-2080 Plus HPLC at 254 nm 
in μ-Bondapak C-18 reverse phase analytical column (4.6 
mm伊150.0 mm). The conditions were as follows: mobile phase: 
acetonitrile:water (40:60), v/v; flow rate: 1.0 mL/min; injection 
volume: 20 μL. The chemical property of the isolated eugenol 
was confirmed by fourier transform infrared spectroscopy 
(FTIR) and hydrogen atom 1HNMR spectroscopy.
2.5. Detection of FTIR
   FTIR was done with the detection eugenol in Jasco FT/IR-
6200 by NaCl plate method as described previously[7]. In brief, 
1 mg sticky mass sample was diluted with 100 μL CHCl3 and 
a thin film was prepared on the NaCl plate by droop casting 
method and dried under atmosphere. Then FTIR value was 
taken within 800 to 4 000 wave numbers (cm-1).
2.6. 1HNMR spectroscopy
   The isolated and standard eugenol were prepared for 1HNMR 
(300 MHz) spectroscopy by preparing 20% (v/v) solutions of 
eugenol in deuterated chloroform (CDCl3) with the addition 
of 5% tetramethylsilane. Both the sample was run as sweep 
time 10 min, sweep width 9.988 mg/L, end of sweep 0 mg/L, 
temperature ambient.
2.7. Determination of phytopharmacological potentiality of 
aqueous extract, methanol extract and eugenol
2.7.1. Determination of DPPH radical scavenging activity
   DPPH radical scavenging activity of Ae-Og, Me-Og, and 
eugenol was determined according to Kedare and Singha[10]. 
In each reaction, the plant products (final concentrations: 1 
μg/mL, 5 μg/mL, 10 μg/mL, 25 μg/mL, 50 μg/mL, 100 μg/mL, 
250 μg/mL, 500 μg/mL) were mixed with 1 mL of 0.1 mmol/L 
DPPH, 0.45 mL of 50 mmol/L Tris-HCl buffer (pH 7.4) and 0.05 
mL samples at room temperature for 30 min. Double distilled 
water was used as negative control. The reduction of the 
DPPH free radical was measured by reading the absorbance 
at 517 nm with a double beam Hitachi U2001 UV/visible 
spectrophotometer (USA). DPPH is a purple-colored stable 
free radical; when it is reduced, it becomes the yellow-
colored diphenylpicrylhydrazine. L-ascorbic acid was used 
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as positive controls. The inhibition ratio (percentage) was 
calculated as:
   %inhibition=[(absorbance of control-absorbance of test 
sample)/absorbance of control]伊100%
   The anti-radical power (ARP) of extract was calculated as 
ARP=1/EC50.
2.7.2. Determination of hydroxyl radical scavenging activity
   Hydroxyl radical scavenging activity of Ae-Og, Me-Og, 
and eugenol was measured by studying the competition 
between deoxyribose and plant extract and isolated 
compound for hydroxyl radicals generated from the Fe3+/
ascorbate/ethylene diamine tetraacetic acid/H2O2 system. 
The hydroxyl radical attacks deoxyribose, which eventually 
results in thiobarbituric acid reactive substance formation[11]. 
The reaction mixture contained deoxyribose (2.8 mmol/L), 
FeCl3 (0.1 mmol/L), ethylene diamine tetraacetic acid (0.1 
mmol/L), H2O2 (1 mmol/L), ascorbic acid (0.1 mmol/L), KH2PO4 
KOH buffer (20 mm, pH 7.4) and different concentrations of 
the extract and eugenol (final concentrations: 1 μg/mL, 5 μg/
mL, 10 μg/mL, 25 μg/mL, 50 μg/mL and 100 μg/mL) in a final 
volume of 1 mL. The reaction mixture was incubated for 1 
h at 37 °C, and the deoxyribose degradation was measured 
as thiobarbituric acid reactive substance by the method 
of Ohkawa et al.[12], and the hydroxyl radical scavenging 
activity was expressed as % of inhibition of hydroxyl radical 
production.
2.7.3. Assay of nitric oxide scavenging activity
   The nitric oxide (NO)-scavenging activity of Ae-Og, Me-
Og, and eugenol was performed according to the method 
by Awah and Verla[6]. Sodium nitroprusside (10 mmol/L), 
in phosphate-buffered saline, was mixed with different 
concentrations of plant products (final concentrations: 1 μg/
mL, 5 μg/mL, 10 μg/mL, 25 μg/mL, 50 μg/mL, and 100 μg/mL) 
dissolved in water and incubated at room temperature for 
150 min. After that, Griess reagent (0.5 mL) (containing 1% 
sulfanilamide in 5% phosphoric acid and 0.1% N-C-1 napthyl 
ethylene diamine dihydrochloride in 1:1 ratio) was added and 
incubated at room temperature for 10 min. The absorbance 
of the chromophore formed was read at 550 nm with a double 
beam Hitachi U2001 UV/visible spectrophotometer (USA). 
Ascorbic acid and the same mixture of the reaction without 
O. gratissimum products were employed as positive and 
negative control. The nitric oxide scavenging activity was 
expressed as % of inhibition of nitric oxide production. 
2.7.4 Estimation of antioxidant activity by FTC method
   The antioxidant activity of Ae-Og, Me-Og and eugenol 
was determined by ferric thiocyanate (FTC) method according 
to Aiyegoro and Okoh[13]. Different concentrations of plant 
products (10 μg/mL, 25 μg/mL, 50 μg/mL and 100 μg/mL) were 
mixed with 2.88 mL of linoleic acid [2.51%, v/v in 4 mL of 
99.5% (w/v) ethanol], 0.05 mol/L phosphate buffer pH 7.0 (8 
mL), and distilled water (3.9 mL) and incubated at 40 °C for 96 
h. To 0.1 mL of this solution, 9.7 mL of 75% (v/v) ethanol and 
0.1 mL of 30% (w/v) ammonium thiocyanate were then added. 
Precisely, 3 min after, 0.1 mL of 20 mmol/L ferrous chloride 
in 3.5% (v/v) hydrochloric acid was added to the reaction 
mixture. Then the absorbance of resulting red solution was 
measured at 500 nm, and it was recorded again every 24 h 
until the day when the absorbance of the control reached 
the maximum value. The percent inhibition of linoleic acid 
peroxidation was calculated as:
   %inhibition=1-[(absorbance increase of the sample/
absorbance increase of the control)伊100%]
   Ascorbic acid was used as positive control.
2.7.5. Reducing power determination 
   Fe (III) reduction is often used as an indicator of electron-
donating activity, which is an important mechanism of 
phenolic antioxidant action. The reducing power of Ae-
Og, Me-Og and eugenol was determined according to the 
method of Hendra et al[14]. Different concentrations (final 
concentration: 1 μg/mL, 5 μg/mL, 10 μg/mL, 25 μg/mL, 50 μg/
mL, and 100 μg/mL) of the O. gratissimum plant products 
in water were mixed with 2.5 mL of 0.2 mol/L phosphate 
buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide 
[K3Fe(CN)6]. The mixture was incubated at 50 °C for 20 min. 
After the incubation, 2.5 mL of 10% trichloroacetic acid was 
added to the mixture to stop the reaction, which was then 
centrifuged at 2 200 r/min for 10 min. The upper layer of the 
solution (2.5 mL) was mixed with equal volume of distilled 
water, and 0.5 mL of 0.1% FeCl3. Then the absorbance was 
measured at 700 nm with a double beam Hitachi U2001 UV/
visible spectrophotometer (USA). Increased absorbance of 
the reaction mixture indicated increased reducing power. 
Ascorbic acid was used as positive control.
2.8. Statistical analysis
   All the above activity studies were carried out with 
triplicate sets and from these, duplicate samples were drawn 
for estimation. The mean of six determinations was taken 
for further calculations and expressed as mean±SEM. One-
way ANOVA test was used for the analysis of the data (using a 
statistical package, Origin 6.1, Northampton, MA 01060 USA) 
with student’s t-tests, P<0.05 as a limit of significance. The 
EC50 (concentration for 50% of maximal effect) values were 
determined using the software GraphPad InStat 3.0 (Table 1).
Table 1
EC50 value of aqueous extract, methanol extract and eugenol from O. gratissimum 
Linn and ascorbic acid, found in different corresponding parameters. 
EC50 value (μg/mL)
Parameter Ae-Og Me-Og Eugenol                
DPPH radical scavenging activity 254.33 253.45 242.47
Hydroxyl radical scavenging activity     46.33  35.09  10.47                   
NO scavenging activity  37.88  19.82  14.17
Antioxidant activity  92.26  70.87  50.92
3. Results 
3.1. Isolation and characterization of eugenol and extract 
products
   Fresh leaves of O. gratissimum yielded 0.32% to 0.35% 
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of EO. The EO was analyzed by TLC and followed by HPLC. 
HPLC spectra has been revealed a major component eugenol 
(~73%) (100 mg leaves=320 mg EO=233.6 mg eugenol). 
Isolated compound was detected by HPLC, FTIR and 1HNMR. 
Peak of isolated eugenol in HPLC (Figure 1A) was identified 
in comparison with the retention times and the peaks of UV 
spectra of the sample solutions with the standard eugenol 
(Figure 1B). The isolated and standard eugenol mixture 
(Figure 1C) showed the single peak confirmed the purity of 
the isolated eugenol and confirmed that isolated compound 
from O. gratissimum was eugenol. The FTIR spectra of the 
isolated eugenol and standard eugenol showed several 
intense bands in the region between 4 000 cm-1 to 900 cm-1 
(Figure 2) and following features were noted: FTIR: νmax 
(neat, cm-1): 3515 (-OH), 3074, 3003 (O=C-H stretching), 2974, 
2938, 2907, 2842 (aliphatic [-CH3 >CH2]), 1639, 1609, 1481, 
1464, 1412, 1325 (C=C, C-O), 996 (=CH bending). Presence of 
these functional groups found in FT-IR spectra confirms 
eugenol. Moreover, the spectrum of both isolated eugenol 
and standard eugenol were matched. The 1HNMR spectra 
of isolated eugenol (Figure 3A) indicated the following 
features, which were matched with the standard eugenol 
spectra (Figure 3B). 1HNMR (400 MHz, CDCl3) δ: 6.85 (m, 1H), 
6.69 (d, J= 4.4 Hz, 2H), 5.99-5.93 (m, 1H), 5.10-5.05 (m, 2H), 
3.88 (s, 3H), 3.33 (d, J=6.8Hz, 2H). Hence, it confirmed the 
isolated compound nothing but eugenol[7]. 
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Figure 1. HPLC of (A) isolated eugenol, (B) standard eugenol and (C) mixture of 
standard and isolated eugenol are presented here. 
Eugenol was isolated from O. gratissimum Linn by TLC and followed by analyzed 
in Jasco PU-2080 Plus HPLC machine at 254 nm in μ-Bondapak C-18 reverse 
phase analytical column (4.6 mm伊150.0 mm). The conditions were as follows: 
mobile phase: acetonitrile:water (40:60), v/v; flow rate: 1.0 mL/min; injection 
volume: 20 μL. Peak of isolated compound (A) in HPLC was identified by 
comparison of the retention times and UV spectra of the peaks in the sample 
solutions with the standard eugenol (B), and the single peak (C) of mixture of 
isolated and standard compound confirmed the purity of the compound, and also 
indicated that isolated compound from O. gratissimum Linn was eugenol.
3.2. Free radical scavenging activity
   In this study, the radical-scavenging activities of O. 
gratissimum plant products (Ae-Og, Me-Og, and eugenol) 
at different concentrations were examined by the DPPH 
method. DPPH, a stable free radical with characteristics 
absorption at 515 nm, was widely utilized to appraise 
the radical scavenging activity of extract products and 
purified compound. The decrease in absorption was taken 
as a measure of the potency of radical scavenging. The 
significant increases in DPPH free radical scavenging 
power of Ae-Og, Me-Og and eugenol were observed in 
concentration-dependent fashion (Figure 4A) confirming 
the free radical scavenging activity of O. gratissimum. The 
EC50 (free radical scavenger) values of Ae-Og, Me-Og, and 
eugenol were 254.33 μg/mL, 253.45 μg/mL and 242.47 μg/mL, 
respectively; and the corresponding ARP values were 3.9伊
10
-3, 3.95伊10-3 and 4.124伊10-3, respectively. Ascorbic acid, a 
potent antioxidant, had lower EC50 value than eugenol.
   Potent hydroxyl radical scavenging activity was found in 
both aqueous and methanol extracts of O. gratissimum and 
also in isolated compound eugenol (Figure 4B). Ascorbic 
acid was used as a positive control. The concentration 
dependent (0-100 μg/mL) increases of hydroxyl radical 
scavenging activity of Ae-Og, Me-Og and eugenol were 
studied. Each of Ae-Og, Me-Og and eugenol under the 
concentration of 100 μg/mL had the hydroxyl radical 
scavenging activity of 78.06%, 81.90% and 113.20%, 
respectively. The EC50 (hydroxyl radical scavenger) values 
of Ae-Og, Me-Og and eugenol were 46.33 μg/mL, 35.09 μg/
mL and 10.47 μg/mL, respectively. It was also noticed that 
100 μg/mL of ascorbic acid had higher rate of hydroxyl 
radical scavenging activity than the herbal products but 
had higher EC50 value compared with that of eugenol. 
Besides, O. gratissimum extracts (Ae-Og, Me-Og) and 
isolated compound eugenol were scavenger of NO (Figure 
4C). The EC50 (NO scavenger) value of the Ae-Og, Me-Og 
and eugenol was 37.88 μg/mL, 19.82 μg/mL and 14.17 μg/mL, 
respectively. Although eugenol was more potent than two 
extracts to scavenge the NO, the potency was lower than 
that of ascorbic acid in this regard (Figure 4C). 
3.3. Antioxidant potentials 
   Besides the radical scavenging activity, the antioxidant 
effects of O. gratissimum plant products prevented the 
peroxidation of linoleic acid, as measured by thiocyanate 
method (Figure 5A). We have found the anti-oxidative 
property of these two extracts (Ae-Og, Me-Og) and eugenol. 
The percentage of inhibition linoleic acid peroxidation 
by Ae-Og, Me-Og and eugenol were in concentration-
dependent manner representing the anti-oxidative activity 
(Figure 5A). We have found the lower EC50 (anti-oxidative 
activity) value of eugenol (50.922 μg/mL) than Ae-Og (92.26 
μg/mL) and Me-Og (70.875 μg/mL). Hence, the Me-Og is 
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Figure 2. Chemical structure analysis of (A) isolated eugenol, (B) standard eugenol (Sigma, USA) by FTIR in Jasco FT/IR-6200 done by NaCl plate method. 
The FTIR spectrums indicate the different stretching of respective functional group present in the eugenol. FTIR: νmax (neat, cm
-1
): 3515(-OH), 3074, 3003 
(O=C-H stretching), 2974, 2938, 2907, 2842 [aliphatic (-CH3 >CH2)], 1639, 1609, 1481, 1464, 1412, 1325 (C=C, C-O), 996 (=CH bending).
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Figure 3. 1HNMR spectra of (A) isolated eugenol and (B) standard eugenol. 
The 1HNMR spectrum indicates the different stretching of respective hydrogen atom present in the chemical structure of eugenol. 1HNMR (400 MHz, CDCl3); δ: 
6.85 (m, 1H), 6.69 (d, J= 4.4 Hz, 2H), 5.99-5.93 (m, 1H), 5.10-5.05 (m, 2H), 3.88 (s, 3H), 3.33 (d, J=6.8Hz, 2H).
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Figure 4. Dose-dependent (A) DPPH radical scavenging activity, (B) hydroxyl radical scavenging activity, and (C) nitrite radical scavenging activity of aqueous 
extract, methanol extract and eugenol from O. gratissimum compared with ascorbic acid. 
The radical scavenging activity was expressed as % of inhibition. These experiments were carried out three times using duplicate samples and data are shown 
as mean±SEM.
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more effective than Ae-Og. Besides, our result indicates 
that eugenol possesses greater antioxidant power than the 
extract products but lower than ascorbic acid.
   The reducing power of two extracts and eugenol was 
found to increase with the increasing concentration which 
was comparable with the standard antioxidant ascorbic 
acid (Figure 5B). In this study, the increasing absorbance at 
700 nm indicated an increase in the reductive potential of 
O. gratissimum plant products.
 
Figure 5. Dose-dependent (A) antioxidant activity and (B) reducing power of aqueous 
extract, methanol extract and eugenol from O. gratissimum Linn compared with 
ascorbic acid. 
The antioxidant activity was determined by FTC method and expressed as % of 
inhibition of linoleic acid peroxidation. The reducing power was measured by 
absorbance changes due to Fe2+ formation at 700 nm. These experiments were carried 
out three times using duplicate samples and data are shown as mean±SEM.
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4. Discussion
   O. gratissimum Linn., the medicinal herb, is popularly 
known as ‘Ram Tulshi’ in India, and also known by 
various vernacular names in different localities throughout 
the world. A wide range of biological activities of 
different parts or different phytochemicals present in O. 
gratissimum, were established by different pharmacological 
approaches by distinguished researchers. Others have 
established the antioxidant activity by methanol extract 
and ethanol extract of leaves of O. gratissimum[15,16]. But 
the antioxidant property of whole plant was not studied 
extensively to fulfil the present aims of research. Hence, 
we have approached to establish the antioxidant property 
of O. gratissimum. To fulfil our goal, we have prepared the 
aqueous and methanol extracts of aerial parts of the herb 
and also isolated eugenol, a bioactive compound from O. 
gratissimum. 
   Eugenol, a phenolic compound, was isolated from O. 
gratissimum by TLC. It was characterized by HPLC (Figure 
1), FTIR (Figure 2), and 1HNMR (Figure 3) to confirm that the 
isolated compound from O. gratissimum was nothing but 
eugenol. In our previous study, the aqueous and methanol 
extract of O. gratissimum was characterized by estimation 
of total phenolics and flavonoids present in it. Our previous 
report indicated the presence of phenolics and flavonoids 
in higher concentrations in two types of extracts[5,6]. 
Phenolic compounds are a class of antioxidant agents 
which act as free radical terminators[6]. The compounds 
such as flavonoids, contain hydroxyls, are responsible for 
the radical scavenger or chelator in the plant products[17].
   Our results evidently indicated that different constitutes 
of O. gratissimum might be a potent free radical scavenger, 
as Ae-Og, Me-Og and eugenol scavenged the DPPH 
radical, hydroxyl radical and NO radical in vitro chemical 
system. Hopefully, free radical scavenging property of 
these products may be reflected in biological system. 
The studied herbal plant products might be reacted 
with DPPH radical, and converted it to 1, 1-diphenyl-2-
picrylhydrazine, and the degree of discoloration (indicated 
by decrease in absorption) indicated the scavenging 
activity (Figure 4A). Hydroxyl radical is generated through 
biochemical reaction in a cell or tissue. Hydroxyl radical 
is strongest among free radicals that can damage the cell 
or tissue. Our results indicated that Ae-Og, Me-Og and 
eugenol were scavenging the hydroxyl radical in vitro 
system in concentration-dependent manner (Figure 4B). 
Sodium nitroprusside in aqueous solution at physiological 
pH spontaneously generates NO, which interacts with 
oxygen to produce nitrite ions that was estimated using 
Griess reagent in this study. Our results also established 
that the two extracts of O. gratissimum and the isolated 
compound, eugenol, had NO scavenging property in 
vitro system (Figure 4C). In addition to reactive oxygen 
species, NO is also a factor involved in inflammation, 
cancer, apoptosis and other pathological conditions[18]. 
Herbal extracts of O. gratissimum, having the property 
to counteract the NO formation, may be considered in 
preventing the ill effects of excessive NO generation in the 
living system. Furthermore, the scavenging activity may 
also help to arrest the chain reactions initiated by excess 
generation of NO that are detrimental to human health. 
Besides the radical scavenging activity, we have found the 
anti-oxidative property of these two extracts (Ae-Og, Me-
Og) and eugenol. The antioxidant effects of O. gratissimum 
plant products prevented the peroxidation of linoleic acid 
as measured by thiocyanate method (Figure 5A). The linoleic 
acid system was evaluated to understand the efficacy in 
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biological systems. Absorbance of control was increased due 
to the oxidation of linoleic acid hydroperoxides, which is 
decomposed in many secondary oxidation products. These 
oxidized products might react with ferrous chloride to form 
ferric chloride which, on further reaction with ammonium 
thiocyanate, formed the ferric thiocyanate (red color). 
Antioxidants, present in aqueous and methanol extracts 
could slow down the peroxidation of linoleic acid; hence, 
the ferric thiocyanate formation was slow in our study. 
Fe (III) reduction is often used as an indicator of electron 
donating activity, which is an important mechanism of 
phenolic antioxidant action[14]. In the reducing power 
assay, the presence of antioxidants in the herbal products 
would result in the reducing of Fe3+ to Fe2+ by donating an 
electron. Amount of Fe2+ complex was then monitored by 
measuring the formation of Perl’s Prussian blue at 700 nm 
(Figure 5B). In this study, the increasing absorbance at 700 
nm indicated an increase in the reductive potential of O. 
gratissimum plant product that might act as an electron 
donor, terminated the radical chain reaction. Moreover, we 
have found higher EC50 value of isolated eugenol than the 
two extract products of O. gratissimum (Ae-Og and Me-
Og) (Table 1). Hence, the isolated and purified compound is 
more potent than the extract products of this plant.
   In summary, the aqueous and methanol extract of aerial 
part of O. gratissimum and eugenol, the isolated bioactive 
principle of O. gratissimum, have potent free radical 
scavenging activity and antioxidant property. Moreover, 
the purified compound--eugenol, is more potent than the 
extract products of O. gratissimum. This property of O. 
gratissimum may be replicated in biological system to fight 
against free radical mediated oxidative disorders. Thus, 
O. gratissimum presents a potentially valuable source of 
natural antioxidant and bioactive material.
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